We evaluated the prevalence of antibodies to human papillomavirus (HPV) type 16 in a representative sample of children 6-11 years of age in the United States. Serum samples and questionnaire data were collected between 1991 and 1994, for the National Health and Nutrition Examination Survey III. HPV-16-specific immunoglobulin G antibodies were detected by an HPV-16 L1 virus-like particle-based enzyme-linked immunosorbant assay. Overall, 2.4% of 1316 children 6-11 years of age were seropositive. Seroprevalence was higher in boys than in girls (3.5% vs. 1.2%; ) P p .08 and in children 17 years of age than in children р7 years of age (3.3% vs. 0.4%; ). None of the variables tested P ! .05 for, including race/ethnicity, socioeconomic status, and urban or rural residence, were significantly associated with HPV-16 seropositivity. To explain HPV-16 seropositivity in this population, further study is required.
and detection of genital types in children is relatively uncommon. Infection with these types is usually asymptomatic in children; rarely, infection with HPV-6 or -11 is associated with anogenital warts or recurrent respiratory papillomatosis. Possible modes of transmission of genital types in children include vertical transmission, auto-and heteroinoculation, sexual abuse, and fomites [5] . In a prospective cohort study that followed mothers and infants, vertical transmission was found to be rare [6] .
Of the genital types, HPV-16 is the most common and is the cause of 150% of cervical cancers in the United States [7] . Detection of HPV-16 DNA is often transient; therefore, it is not a useful marker of long-term exposure or of immune response to infection. Detection of antibodies to HPV-16 viruslike particles (VLPs) provides a measure of both cumulative exposure and immune response to HPV-16. Although many persons infected with HPV-16 do not develop antibodies [8] , seroprevalence studies provide some measure of cumulative exposure.
A recent study found that HPV-16 seroprevalence was 13% in a representative sample of persons 12-59 years of age in the United States, with seroprevalence higher in women than in men [9] . The seroprevalence of HPV-16 has not been characterized in US children. Here, we describe the seroprevalence of HPV-16 in a representative sample of children 6-11 years of age in the United States.
Participants, materials, and methods. The National Health and Nutrition Examination Survey (NHANES), conducted by the National Center for Health Statistics, used representative samples from noninstitutionalized US civilian populations. The third NHANES (NHANES III) was conducted from 1988 to 1994, in two 3-year phases. Prevalence estimates were weighted to represent the total US population and to account for oversampling and nonresponse. The poverty index was calculated by dividing total family income by the poverty threshold, as defined by the US Census, with adjustment for family size at the time of the interview. Urban residence was defined as residence in a county in a metropolitan area; residence in all other counties was defined as rural. Eighty-six percent of the children interviewed provided serum samples for serologic testing.
We tested for HPV-16 IgG antibodies in serum samples obtained from participants during the second phase (1991-1994) of NHANES III. VLPs were produced by expression of a recombinant HPV-16 L1 baculovirus in insect cell tissue culture. ELISAs using VLPs were standardized and were performed as described elsewhere [9, 10] . For quality control and evaluation, . Additional negative serum samples were obtained from Egleston Children's Hospital (Atlanta, GA). Control serum samples were also used to prepare pools of highpositive, low-positive, and negative controls. Quality-control assessment included monitor of day-to-day and plate-to-plate variation. Results for individual control serum samples that were run throughout the course of the NHANES III analysis were used in receiver operating characteristic (ROC) analysis, to determine the cutoff value for discrimination between positive and negative serum samples. Evaluation of ROC plots indicated that an OD cutoff value of 0.64 resulted in 93.0% sensitivity and 98.5% specificity. Data were analyzed by use of SUDAAN software (version 7; Research Triangle Institute). We evaluated bivariate associations between HPV seropositivity and selected characteristics. Confidence intervals (CIs) for the prevalence estimates were calculated on the basis of a log transformation, with SEs calculated by the delta method [11] . Results. Overall, 2.4% of 1316 children 6-11 years of age had antibodies to HPV-16 VLPs. The median OD of the samples positive by ELISA was 0.84 (range, 0.65-2.14). Prevalence was higher in boys than in girls (3.5% vs 1.2%), but this difference was not statistically significant ( ). P p .08 None of the demographic variables tested for, including race/ ethnicity, socioeconomic status, urban or rural residence, region of the country (data not shown), and whether the child was born outside of the United States (data not shown), were significantly associated with HPV-16 seropositivity (table 1) . Age was significantly associated with higher prevalences of antibodies to HPV-16 VLPs. A higher prevalence of antibodies to HPV-16 was found in children 17 years of age than in children р7 years of age (3.3% vs. 0.4%;
). There was a statis-P ! .05 tically significant linear trend of increasing seroprevalence in girls, but not in boys, as they became older (data not shown).
Conclusions. The present study is the largest populationbased sample to provide an estimate of HPV-16 seroprevalence in children. Overall seropositivity in children 6-11 years of age was low, indicating little exposure to HPV-16 before adolescence. Age 17 years was associated with a significantly higher prevalence of antibodies to HPV-16, suggesting some increasing exposure to HPV-16 with increasing age. Among NHANES III participants, seropositivity in those 12-59 years of age who had never had sex was 5.0%, and seropositivity in children 12-13 years of age was 2.9%.
In 7 previous studies conducted in other countries, estimates of HPV-16 seroprevalence in children ranged from 0% to 7.6%; in most studies, it was р3.0% (table 2) [12] [13] [14] [15] [16] [17] [18] . All but 2 of these studies included serum samples from a convenience sample of children. Many of the studies found low levels of antibodies. In a study of 11000 children !13 years of age, most of the optical-density values were at or near the cutoff for positivity (OD, 0.100) [16] , indicating a low level of seropositivity, similar to our results. Cubie et al. reported that 7.6% of children were seropositive and that 97.0% of these children had opticaldensity values close to the cutoff [15] .
In only 1 study could we identify differences in seroprevalence with age; an increased seroprevalence was noted with younger age, unlike in our study [19] . In 1 study, higher seroprevalence was found in boys than in girls [19] . In a prospective study of antibody to HPV-16 in children, 3% developed antibodies between 1 and 2 years of age [17] . However, infants born to women who were positive for antibody to HPV-16 were not at significantly higher risk than were those born to women who were negative, suggesting that the rate of vertical transmission is low.
The present data are subject to limitations. Because the relative SEs for many of the comparisons in our analysis were high, point estimates should be interpreted with caution, and more emphasis should be placed on the CIs. Comparisons of the results of serologic studies of HPV-16 have limitations because of the differences in methods used. Despite these differences, seroprevalence estimates in children have been similar across studies. Although methods used for HPV-16 VLP serologic testing are type specific [10, 20] , it is not possible to totally exclude nonspecific reactivity. To optimize specificity without compromising sensitivity, our serologic method used ROC analysis of results for interlaboratory control serum samples to determine the cutoff value for positivity [9, 10] .
Prophylactic HPV vaccines, including vaccines for HPV-16, are currently in clinical trials. Data on HPV-16 seroprevalence in the US population is useful before the introduction of prophylactic HPV vaccines. Our data suggest that little exposure to HPV-16 occurs before adolescence. The available literature on HPV-16 seroprevalence does not have information on behaviors that would help to characterize potential exposures to HPV in this age group. To explain HPV-16 seropositivity in this population, further study is required.
